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(57) Abstract 

A polyion complex (PIC) is formed of an anionic soluble polymer fomied from ethylenically unsaturated monomers including at least 
one anionic or monomer and a cationic soluble polymer formed from ethylenically unsatiiiated monomer including ^^^l^^^^ 
monomer, in which the monomers used to form at least one of the polymers comprise a ^^^^ 
used to form at least one of the polymers include non-ionic monomer, preferably Ci-24 alkyl(meth)aciylate, m which the overall ratio of 
SnS groups to cationic groupT in die PIC is in die range 1.5:1 to 1:1.5, and in which die P^^^^^^^ 

a PIC in which there are units derived from zwitterionic monomer in an amount m die range 1 to 70 mole % based on total monomer 
derived units in the PIC and there arc units derived from non-ionic monomer in an amount in die range 0 to 60 mole % based ot totel 
monomer derived units in the PIC. The PIC is preferably swollen in water and is a flowable gel. The zwittenonic monomer is preferably 
2-(niethacyloyloxyelhyl)-2'-(trimethylamnioniumediyl)phosphate inner salt. 
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ANIONIC-CATIONIC POLYION COMPLEXES CX>MPRISING ZWITTERIONIC MONOMER COMPONENT 

The present invention relates to polyion complexes, that is intimate blends of 
overall cationic polymers and overall anionic polymers, at least one of which said 
polymers has pendant zwitterionic groups to provide improved biocompatibility. 
5 Physical gels are three-dimensional, disordered networks formed by associative 

forces that initiate noncovalent crosslinks. Mechanisms of interaction are numerous, 
including hydrogen bonding, hydrophobic interactions, crystalline segment formation and 
ionic association amongst others (Tanaka& Edwards, Macromo/ecw/e5, 25, 1516, 1992). 
In contrast to chemical gels that have defined point crosslinks, physical gels have so- 
10 called jimctions zones where linear segments of the polymer chain form ordered 
structures. The nature and number of these zones determine the differences between 
gels. 

It is well known in the literature that there are water-soluble polymers that 
contain complexing groups, whether neutral or charged, that can form gels by ionic 
15 association. This is most commonly achieved by the presence of sufiBcient inorganic 
metal salts under the appropriate conditions. The bonding chemistry between the metal 
ions is specific, each forming a gel with different polymers under specific conditions of 
pH, ionic strength and concentration of the polymer. 

Another method of obtaining a gel by complexation of relevance to this invention, 
20 is by the formation of an interpolymer complex. As its name suggests, this is a process 
by which two distinct polymer entities interact to form a complex. If complexation is 
achieved by the interaction of oppositely charged ionic groups within the two polymers, 
the system is termed a polyion or polyelectrolyte complex (Michaels, Indust. & Eng. 
Chemistry, 57, 32, 1965). If the interaction is between a strongly acidic polyanion and 
25 a strongly basic polycation, coulombic forces at the polyion sites results in the release of 
amicroanion and microcation (the counterions of the origmal polyelectroytes), which are 
then fi-ee to difl&ise into the body of the solvent. The reaction v^U propagate rapidly fi-om 
site to site, releasing the microions p^o^dding the entropy increase upon their liberation 
is not outweighed by the entropy decrease upon collapse and condensation of the polyion 
30 pair. 

The polyion complexes have the potential to be solubilised in ternary solvent 
systems consisting of water, a water-soluble organic solvent like acetone and a strongly 
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ionised simple electrolyte such as NaBr. This allows fabrication into many forms 
including fibres, films and coatings. This, together with their reported inherent non- 
thrombogenic nature, has made these materials interesting as biomaterials (Ratner & 
Hoffinan, ACS Symposium Series IL ed. J.D.Andrade, ACS. Washington DC, 1976. 

The use of polyion complexes in medical applications has been suggested for 
xtiany years. Indeed, Michaels made reference to the use of such complex solutions for 
pottmg or encapsulating aneurysms, commemingthatthematerialswerereasonabty 

tolerated by the tissue. loplex 101 (a complex poly(triethyK3 & 4)- 
vinylphenylammonium bromide) and poly(sodium vinyl benzenesulphonate)) has been 
examined intensively for biomedical usage (Vogel et al JMacromol Sou, Chem., 4. 
675, l970;Mzxsh^XietaL,J.Biomed.Mater,Res.,4.351, l970;BTUzketaL.Arm.N.Y. 
AcacLSci m 332, 1977). Analogues of tlus system have been studied to determine 
the effect of charge and structure on the complex and their behaviour towards blood 
platelets (Kataoka et al., MaJcromol Chem., 179. 1121. 1978 & m 1363. 1980) and 
have been used as encapsulating agents in the development of artificial liver support 
systems (Kataoka et al., Jinko Zoki (Artificial Organs), 8. 296, 1979). 

Nakabayashi et al. have previously described the use of polyion complexes of 
polymers having zwitterionic pendant groups for the selective adhesion of platelets (J. 
Biomed. Mater. Res., 28(1 1), 1347, 1994 by Ishihara et al. Adv. Biomat. Biomed. Eng. 
Drug DeUvery Syst. (1995) 227-228 by Ishihara, K. et al., and Japanese Patent JP-A-7. 
238124) Their invention daims specifically the use of a ternary polymer system 
consisting of 2.methacroyoyloxyethyl phosphoiylcholine (MPC). butyl methacrylate 
(BMA) and suMUr propyl methacrylate (SPM) or trimethyl ammonium propyl 
; methacrylate (TPM). Further to this, they define the compositions in which the 
MPC BMA molar ratio is between 2:98 - 50:50, and the ratio of these two components 
to the ionic monomer (SPM or TPM) is between 98:2 - 80:20. These systems seem to 
havebeendesignedto produce coatings with weakionicinteractionsthathavefevourable 

properties in tenns of platelet binding and activation. The anionic and cationic polymers 
0 arewaterinsoluble,alcoholsoluble.Thepolyioncomplexesdescribedinthesereferences 

are tested as coatings on glass beads and one of the produas is said to be under test for 
use to encapsulate activated charcoal used for an artificial liver support system Coatmgs 
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Of the PICs are produced by mbdng prefonned solutions at 10% soUds concentrations 
of the terpolymers each in ethanol. dipping the substrate to be coated in the solution and 
allowing the alcohol to evaporate from the fflm of coating composition. 

JP-A-08-165491 (1996) describes complexes formed of a polymer having an 
overall cationic charge and which fiirther inchides pendant hydrophobic groups and 
pendant carboxybetaine groups, with an anionic surfactant such as a-olefin sulphonates 
and fatty acid soaps. The complexes are flexible soUds and are for use with detergent 
componoits. 

JP-A-10-245325 (1998) describes hair setting compositions comprisingacationic 
polymer having pendant hydrophobic groups, and a polymer having pendant 
carboxybetaine groups and pendant hydrophobic groups. 

According to the invention there is provided a new method in which a solution 
of an anionic polymer having an overaU anionic charge and a cationic polymer having an 
overall cationic charge together in a solvent system comprising a first solvent and an 
inorganic salt, in solution, is gelled by contact with water, whereby the ions of the 
inorganic salts become dissociated from the polymer and extracted from the gd formed 
by electrostatic attraction between polymer bound cationic groups and polymer bound 
anionic groups, and is characterised in that at least one of the cationic and anionic 
polymos comprises zwitterionic groups. 

The method of the invention thus involves a transformation of the polymer from 
being in a mobfle solution or suspension form to being a gel. The method generally 
involves coUapsing of the gel, that is the gel has a lower volume than the starting volume 

of the solution m the solvoit system. 

In the method, the solvent system generally comprises an organic solvent. 
25 Preferably the organic solvent is water-miscible. Most preferably the soWent system 
comprises at least two solvents, in which the second solvent is water. 

Examples of suitable organic solvents for use in the solvent systems are alcohols, 
ethers, esters and. most preferably, ketones. Most preferably the solvent is a ketone such 
as acetone. 

30 For a solvent system comprising two solvents, these are generally used in a ratio 

in the range 5: 1 to 1 .5. Preferably the range of organic solvent water is in the range 2:1 
to 1:5, preferably 1:1 to 1:4. 



15 
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The inorganic salts should be soluble in the solvent system. Where the solvent 
system contains water, therefore, the salt should be water-soluble, for instance at a 
concentration of at least 10% by weight. Preferably the salt is soluble in a concentration 

of at least 20% by weight. 

Preferably the salt comprises a single, preferably monovalent metal salt. Di- or 
higher valent metal salts may cause premature coagulation or gelation. Likewise the 
anion of the salt is preferably a sinly charged anion, preferably of a strong acid, most 
preferably other than an oxyanion although some oxyanions may be usefiil. Preferably 
the anion is a haUde. The salt is preferably a haUde of an alkali metal. The alkali metal 
is Uthium, potasshim, or. preferably, sodium. The halide is suitably chloride, bromide or 
iodide. 

The salt is preferably present in the solvent system in an amount of at least 2% 
by weight, preferably at least 5% by weight, for instance up to 20% by weight. 
Preferably the salt is present in an amount in the range 5 to 15% by weight. 
5 In the method of the invention, the polymer bound cationic and anionic groups 

may comprise charged atoms in the backbone of the molecule. Cationic groups formed 
in the backbone of the polymer may, for instance, be secondary, tertiary or quaternary 
ammonium groups. Preferably, however, the cationic and anionic groups of the polymers 
are pendant groups. Likewise the zwitterionic monomer is preferably a pendant group. 
0 The individual polymers used in the method of the invention are preferably water- 

soluble, for instance produce a clear solution at a concentration of at least 1%, more 
preferably at least 5%, by wdght. 

The mixed solution of the two polymers in the solvent system may be generated 
by mixing together preformed solutions of the mdividual polymers in portions of the 
13 solvent system, or components thereof It is generally preferred that all of the 
components are present in combination when the polymers first contact one another, m 
order to avoid premature gelling. Mixing procedures generally involve adequate stirring 
and temperatures which provide the deared solubility. 

The individual polymers may be of low or high molecular weight. Preferably the 
3 0 molecular weight is low enough for the solution of the individual monomer m a single 
solvent to be mobile and of low viscosity, to optimise handling. It is preferred that the 
inherent viscosity of the polymer solutions according to the test provided hereinafter is 
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in the range 5 to 500 mPa.s, more preferably in the range 10 to 300 mPa.s, for instance 
in the range 20 to 150 mPa.s. 

In the method of the invention it is preferred that both of the polymers have 
zwitterionic groups, preferably zwitterionic pendant groups. It is preferred for the 
5 zwitterionic group to comprise a monovalent anion and monovalent cation. Where the 
zwitterion comprises an excess of anion over cation or vice versa, the zwitterionic group 
may function as both polymer bound anion or cation, as the case may be, and zwitterion. 

In the method, it is preferred thai approximately equivalent levels of anionic and 
cationic groups are present so that the anionic charges and cationic charges are balanced. 
10 It is preferred for the polymer mixture to have substantially no overall charge. It is 
believed that this characteristic optimises biocompatibility, especially haemocompatibility. 
The worked examples described below show that the gels have low protein adsorption 
properties. 

In the method of the present invention water is contacted with the solution of the 
15 mbced polymers in the solvent system by any suitable means. For instance the interfece 
of a body of the solution with water may be provided at the surface of a coating on a 
substrate, or the solution may be restrained in a mould providing means for contacting 
the solution in the mould with water. Liquid excluded from the gel, upon collapse, for 
instance, may be removed by evaporation or by draining from the gel. The water may 
20 be contacted with the solution by spraying, flowing or dipping. 

Some of the PIC's formed by the new phase change, gelification procedure, are 
novel in themselves. Thus PICs formed from combinations of certain selected polymers 
have not been disclosed in the prior art. It may be possible to make the PICs by 
alternative processes, such as by depositing them from a mixed solvent system in vrtiich 
25 they are soluble, followed be evaporation of the solvent, that is using the general 
procedure described by Ishihara et al, op.cit 

Preferred zwitterions, cations and anions and monomers from which polymers 
used in the method of the invention are described below. 

A new polyion complex according to the present invention is formed from a 
30 cationic polymer ha>nng an overall cationic charge and an anionic polymer having an 
overall anionic charge, in which the anionic polymer is obtainable by polymerising 
ethylenically unsaturated monomers comprising: 
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a) 5 to 1 00 mole % anionic monomer having an anionic or anionisable group; 

b) 0 to 85 mole % zwitterionic monomer having a zwitterionic group; and 

c) 0 to 80 mole % nonionic monomer; 

and in which the cationic polymer is obtainable by polymerising ethylenically unsaturated 

5 monomers including 

d) 5 to 100 cationic monomer having a cationic or cationisable group; 

e) 0 to 85 mole % zwitterionic monomer having a pendant zwitterionic 
group; and 

f) 0 to 80 mole % non ionic monomer; 

10 in which the total units in the polyion complex derivable from nonionic monomer c and 
f is in the range 0 to 60 mole %, the total mole % of units in the PIC derivable from 
zwitterionic monomer is in the range 1 to 70 mole %, and the ratio of moles of anionic 
or anionisable groups in the anionic polymer to the moles of cationic or cationisable 
groups in the cationic polymer is in the range 1.5:1 to 1:1.5. 

15 According to a fruther aspect of the present invention a new polyion complex is 

formed from a cationic polymer having an overall cationic charge and an anionic polymer 
having an overall anionic charge, in which the anionic polymer is water soluble and is 
obtainable by polymeriang monomers including 

a) 5 to 100 % anionic monomer having an anionic or anionisable group; 

2 0 b) 0 to 85 mole % zwitterionic monomer having pendant zwitterionic group; 

and 

c) 0 to 60 mole % non iomc monomer; 
and in which the cationic polymer is water soluble and is obtainable by polymerising 
ethylenically unsaturated monomers inducting 
25 d) 5 to 100 mole % cationic monomer having a cationic or cationisable 

group; 

e) 0 to 85 mole % zwitterionic monomer having a zwitterionic pendant 
group; and 

f) 0 to 60 mole % nomonic monomer; 

30 in which the total moles of units in the PIC derivable from zwitterionic monomers in the 
range 1 to 70 mole %, and in which the ratio of equivalents of anionic groups in anionic 
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polymer to equivalents of cationic groups in cationic polymer is in the range 1.5:1 to 
1:1.5. 

In all aspects of the invention, the total level of units derivable from nonionic 
monomer in the PIC is preferably at least 5 mole %. 

5 In all aspects of the invention, the anionic polymer preferably does not include 

units derivable from cationic monomer and the cationic polymer preferably does not 
include units derivable from anionic monomer. 

The components of the PIC, in terms of the cationic and anionic polymers and the 
monomers from which each polymer is made, are generally selected such that an aqueous 

10 gel of the novel PIC product of the novel process flows under imposition of the force 
rendering it capable of being pumped. For PIC's formed from cationic and anionic 
polymers having relatively high proportions of cationic and anionic groups, respectively, 
the desired properties are achievable by using relatively high proportions of zwitterionic 
monomer. For instance the total units derivable from zwitterionic monomer in the PIC 

15 is preferably at least 30 mole %, generally less than 50 mole %. Where the total moles 
of ionic monomer in the PIC is less than 30, for instance in the range 10 to 30 mole %, 
then the level of units in the PIC derivable from zwitterionic monomer is preferably in the 
range 15 to 70 mole %. Where the total moles of ionic monomer in the PIC is in the 
range 5 to 10 mole %, then the level of units derivable from zwitterionic monomer in the 

20 PIC is preferably :in the range 70 to 30 mole %. 

The ratio of equivalents of anionic groups in anionic polymer to equivalents of 
cationic groups in cationic polymer (not including neutralised cation/anion pairs of a 
zwitterionic group) is preferably in the range 1.25:1 to 1:1.25, more preferably in the 
range 1 . 1 : 1 to 1 : 1 . 1 , preferably about 1:1. Preferably therefore the PIC have no overall 

25 charge. 

The PIC should generally be water-insoluble, but water-swellable. The PIC's 
may absorb more than their own weight of water, often more than twice their own weight 
for instance up to 10 times their own weight. 

The rheological properties of the PIC, for instance swollen by water, may be 
3 0 determined by using a variable torque oscillation test in a suitable rheometer. Such a 
device can determine the elasticity modulus and the viscous modulus. The present 
invention is directed in particular to PICs which, when swollen in water, and subjected 
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to the test as set out in the foUowing paragraph have values of G' (elasticity modulus) and 
G"W (viscous modulus) of G' in the range 1 to 1000 and G" in the range 5 to 1000. 
Generally the test is conduaed when the gels are fiilly swoUen in water. 

The viscoelastic properties are determined using a variable torque oscillation test 
(80 mN.m) using a TA instrument CSL-100 rheometer fitted with 6cm T cone at 3rC. 

The zwitterionic pendant group of the polymer used in the invention may have 
an overall charge, for instance by having a divalent centre of anionic charge and 
monovalent centre of cationic charge or vice-versa or by having two centres of cationic 
charge and one centre of anionic charge or vice-versa. Preferably, however, the 
zwitterion has no overaB charge and most preferably has a centre of monovalent cationic 
charge and a centre of monovalent anionic charge. 

Preferably the centre of cationic charge in the zwitterionic group is permanent, 
that is it is preferably a quaternary ammonium or phosphonium or tertiary sulphonium 
group. Preferably the anion is permanent, that is it is substantially completely ionised at 
in vivo pHTs. for instance at pITs in the range 5 to 8. It is preferably a phosphate, 
phosphonate, sulphate or sulphonate anion. 

The zwitterionic group may be a betaine group (ie in which the cation is closer 
to the backbone), for instance a sulpho-, carboxy- or phospho-betaine. A betame group 
should have no overall charge and is preferably therefore a carboxy- or sulpho-betaine. 
If it is a phosphobetaine the phosphate terminal group must be a diester, i.e., be esterified 
with an alcohol. Such groups may be represented by the general formula I 

-X*-R*-N-(R')2-R^-V* I 

in which is a valence bond, -0-, -S- or -NH-. preferably -0-; 
V is a carijoxylate. sulphonate or phosphate diester(monovalently charged) anion; 
is a valence bond (together with or alkanedyl -C(0)alkanediyl- or - 
C(0)NHaIkanediyl preferably alkanediyl and preferably containing fi-om 1 to 6 cari)on 

atoms in the alkanediyl chain; 

the groups R' are the same or different and each is hydrogen or alkyl of 1 to 4 
carijon atoms or the groups R' together with the nitrogen to which they are attached 
form a heterocycUc ring of 5 to 7 atoms; and 
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is alkanediyi of 1 to 20, preferably 1 to 10, more preferably 1 to 6 caibon 

atoms. 

One preferred sulphobetaine monomer has the formula DI 
5 R« 

-N-(CHj)„so30 n 

1 0 where the groups R* are the same or different and each is hydrogen or alkyl and n 
is from 2 to 4. 

Preferably the groups R* are the same. It is also preferable that at least one of the 
groups R' is methyl, and more preferable that the groups R* are both methyl. 
Preferably n is 2 or 3, more preferably 3. 
15 Alternatively the zwitterionic group may be an amino acid moiety in which the 

alpha carbon atom (to which an amine group and the carboxylic acid group are attached) 
is joined through a linker group to the backbone of polymer A. Such groups may be 
represented by the general formula m 



20 



C ™ 



in which X' is a valence bond, -0-, -S- or -NH-, preferably -0-, 
R* is a valence bond (optionafly together with X^) or alkanediyi, -C(0)alkanediyl- 
25 or -C(0)NHalkanediyl, preferably alkanediyi and preferably containing from 1 to 6 
caibon atoms; and 

the groups R' are the same or different and each is hydrogen or aUcyl of 1 to 4 
carbon atoms, preferably methyl, or two of the groups R', together with the nitrogen to 
which they are attached, form a heterocyclic ring of from 5 to 7 atoms, or the three group 
30 R' together with the nitrogen atom to which they are attached form a fixsed ring structure 
containing from 5 to 7 atoms in eadi ring. 

Preferably the zwitterion has the formula IV 
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o0 

^ in which the moieties X* and X*, which are the same or different, are -0-, -S-, - 

NH- or a valence bond, preferably -0-, and 

W* is a group comprising an ammonivim, phosphonium or sulphonium cationic 
group and a group linking the anionic and cationic moieties which is preferably a C,.,2- 

10 alkylene group. 

Preferably W contains as cationic group an ammonium group, more preferably 

a quaternary ammonium group. 

The group W* may for example be a group of formula 
-W'-NH'a, -W'-P*R'3, -W*-S*R'2 or -W'-Het* in which: 
15 W» is alkanediyl of 1 or more, preferably 2-6, carbon atoms optionally containing 

one or more ethyienically unsaturated double or triple bonds, disubstituted-aiyl, alkylene 
aryl. aryl alkylene, or alkylene aryl alkylene, disubstituted cycloalkyl, alkylene cycloalkyU 
cycloalkyl alkylene or alkylene cycloalkyl alkylene, which group W> optionally contains 
one or more fluorine substituents and/or one or more fimctional groups; and 
2 0 either the groups R* are the same or different and each is hydrogen or alkyl of 1 

to 4 carbon atoms, preferably methyl, or aryl, such as phenyl, or two of the groups R« 
together with the nitrogen atom to which they are attached fomi a heterocycUc ring 
containing from 5 to 7 atoms or the three groups R" together with the nitrogen atom to 
which they are attached form a fused ring structure containing from 5 to 7 atoms in each 
25 ring, and optionally one or more of the groups R« is substituted by a hydrophiUc 
fimctional group, and 

the groups R' are the same or different and each is R» or a group OR', where R" 

is as defined above; or 

Het is an aromatic nitrogen-, phosphorus- or sulphur-, preferably nitrogen-, 

3 0 containing ring, for example pyridine. 

Preferably WMs a straight-chain alkanediyl group, most preferably 1,2-ethanediyl. 

Preferred groups of the formula IV are groups of formula V: 
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where the groups R" are the same or different and each is hydrogen or C,^ alkyl, and m 
is from 1 to 4. 

Preferably the groups R" are the same. It is also preferable that at least one of 
1 0 the groups R»° is methyl, and more preferable that the groups R" are all methyl. 
Preferably m is 2 or 3, more preferably 2. 

Alternatively the ammonium phosphate ester group V may be replaced by a 
glycerol derivative of the formula VB, VC or VD defined in our earlier pubUcation no 
WO-A-93/01221. 
1 5 The 2witterionic monomer preferably has the formula VI 

YBX VI 

who'ein 

B is a straight or branched alkanediyl, or alkanediyloxaalkanediyl or alkanediyl 
oUgo (oxaalkanediyl) chain optionally containing one or more fluorine atoms up to and 
2 0 including perfluorinated chains or, if X or Y contains a terminal caibon atom bonded to 
B, a valence bond; 

X is the.zwitterionic group; and 

Y is an<ethylenically unsaturated polymerisable group selected from 



25 



H2C==C— C — A 

II 
O 




CHj=C(R)-CH2-0-. CH2=C(R)-CH2OC(0)-, CH,=C(K)OC{0)-, CH,=C(R)-0-, 
3 0 CH2=C(R)CH20C(0)N(R")-, R"OOCCR=CRC(0)-0-. RCH=CHC(0)0-. 
RCH=C(C00R")CH2-C(0)-0-, 
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wherdn: 

R is hydrogen or a CrC* alkyl group; 

R" is hydrogen or a Cj-C* alkyl group or R" is -B-X where B and X are as 
defined above; and 

10 R" is hydrogen or a C,^ alkyl group or BX where B and X are as defined above; 

A is -O- or -NR"; 

K is a group .(CH^pOC(O)-. -(CH^pC(O)O-, - (CH^pOC(O)O-, -(CH2)pNR"-. 
.(CH^pNR»C(OK .(CH^C(0)NR"-, -(CHJpNR»C(0)0-, -(CH^pOC(0)NR"-. 
-(CH2)pNR"C(0)NR"- (in which the groups R" are the same or different), -(CU^O-, 
15 -(CHj)pS03 or, optionally in combination withB, a valence bond and p is from 1 to 12 
and R" is hydrogen or a C,-C4 alkyl group. 

Preferably Y is a group CH2=C(R)C0A-, in which R is H or methyl, prrferably 
methyl, and in which A is preferably O. 

B is preferably an alkanediyl group of 1 to 12, preferably 2 to 6 carbon atoms, 
2 0 most preferably group (CHj), in which q is 2 to 6. 

Each of the catiomc and anionic monomers may be represented by the formula 

vn 

Y'B'Q vn 

in which Y' is selected from the same groups as Y 
25 B' is selected from the same groups as B; and 

Q is an ionic or ionisable group. Q may be a cationic group Q* or an anionic 

group Q*. 

In some embodiments of the present invention, a polycationic polymer will have 
permanently cationic pendant groups. These may be quaternary ammonium or 
3 0 phosphonium groups. In other embodiments, the cationic group may not be a permanent 
cation. It may be a weak or a strong base. For instance it may be selected so as to 
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provide pH sensitivity whereby the degree of attraction between the two &st polymers 
may be controlled by the pH. 

Likewise, the anion may be the anion of a weak or strong acid, selected so as to 
be pH sensitive or insensitive within a predetermined pH range, as desired. 
5 A suitable cationic group Q' is preferably a group N^R',, P*R*3 or S*K\ 

in which the groups are the same or different and are each hydrogen, C,^-alkyl 
or aryl (preferably phenyl) or two of the groups R' together with the heteroatom to 
which they are attached from a saturated or unsaturated heterocyclic ring containing from 
5 to 7 atoms. Preferably the cationic group is permanently cationic, that is each R^ is 
10 other than hydrogen. Preferably the cationic group is N^R', in whidi each R' is Cj^- 

alkyl, preferably methyl. 

Suitable anionic groups are carboxylate, carbonate, sulphonate, sulphate, 
phosphonate or phosphate. Preferably the anionic group is monovalent. A sulphonate 
group is particularly convenimt. 
15 Another suitable type of cationic monomer copolymerisable with ethylenically 

unsaturated monomers is diallyl dialkyl ammonium halide, for instance diallyl dimethyl 

ammonium chloride. 

Nonionic monomer included in either or both of the cationic and anionic polymer 
is selected so as to confer desired solubility, hydrophilicity or hydrophobicity properties, 
2 0 viscosity properties on the individual polymers and on the PIC. Hydrophobic groups may 
provide inter orintra molecular interactions with hydrophobic groups, or with substrates 
or biological compounds in contaa with the PIC in use. 

Preferably a nonionic monomer has the general formula VIQ 

Y* R" vm 

25 in which is selected from the same groups as Y; and 

R" is a nonionic organic group which is an optionally substituted Cu^alkyl or 
-alkenyl group. Optional substituents in the alkyl or alkenyl group are hydroxyl groups, 
halogen atoms, alkoxy and oligo-alkoxy groups, in which the alkoxy groups have 1-6, 
preferably 2 or 3 carbon atoms, aryl groups, preferably optionally substituted phenyl 

3 0 groups (optional substituents in a phenyl group being hydroxyl groups, halogen atoms 
or alkyl groups), acyl groups, especiaUy C,^5-alkanoyl groups, acyloxy groups, especiaUy 
C,^-alkanoyloxy groups or acylamino groups, especially Cj^s-alkanoyl amino, in any of 

RMiVinCID: <WO 0Ce9481A1 I > 



wo 00/29481 



PCT/GB99/03787 



which alkanoyl and acyl groups there may be substituents selected from halogen atoms 
and hydroxyl groups. Preferred groups are C,.24 unsubstituted alkyl, more preferably 
C«.i, alkyl. 

Where the PIC is used as a gel swollen with a liquid, the liquid may be derived 
5 from, that is consist of, solvents from which the anionic and cationic polymers are 
presented in a method of forming the PIC by mixing two preformed solutions. Since 
each of the polymers is preferably water-soluble, and since it may often be convenioit for 
the PIC to be swollen in water, preferably both the anionic and cationic polymers are 
dissolved in an aqueous solvent. 
10 In the method of the invention by admixing two preformed solutions, each of the 

solutions preferably contains polymer in amounts in the range 0.1 to 50 % by weight, 
preferably in the range 1 to 50%, for instance in the range 10 to 25 % by weight. 

Preferably the water-swellability of the PIC is such that the PIC will absorb 
deionised water in an amount of 10 to 1000 % based on the weight of polymer, 
1 5 preferably in the range 50 to 500%. 

The polymer solutions are mixed in the method of the invention so as to allow 
intimate contact between the counterionically charged polymers. It is preferable that, 
after the solutions have been mbced, that the mixture is allowed to rest for a period to 
develop gel properties. 

2 0 The gel of the PIC swollen in a liquid may be used immediately without further 

processing. Alternatively it may be desirable to recover the PIC from the Uquid vehicle 
and re-gd the PIC in an alternative solvent, or in the same type of solvent, optionally 
after rinang in the same or other solvwit, for instance to extract salts formed from 
counterions of the anionic and cationic pendant groups in the respective starting polymers 

25 (the microions). 

Whilst the PIC is generally water-insoluble, it may be possible to dissolve, 
redissolve or disperse the PIC in a non-aqueous solvent such as an alcohol or ether 
solvent, or in a solvent system such as is used in the new method of the invention. A 
solution of the PIC in such a solvent may be usefiil as a coating composition, for coating 
3 0 substrates to improve their biocompatibility. 

The method of the invention may suitably be carried out in situ to provide a gel 
product in a de»red location, such as in contact with a biolo^cal Uquid or with tissue. 
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The PIC'S of the present invention are believed to have desirable biocompatibility 
and are useful in environments where PIC's have previously been used such as in 
compositions to be used in contact with blood, for instance in embolising blood vessels. 
Other potential uses of the PICs are in in situ coating of the internal surfaces of blood 
vessels, known as endoluminal gel-paving, as described in WO-A-91 12846 and WO-A- 
9001969, filling of wound cavities, as fillers for various therapeutic and cosmetic 
purposes, e.g. for use following tumour excision, for use to improve muscle control, e.g. 
of sphincter muscles to control incontinence, as a supplement to synovial fluid, a filler for 
use in the treatment of patent ductus arteriosis, etc. 

The PICs may be used in products in which a pharmaceutically active agent or 
a diagnostic agent is incorporated. For instance the PIC may be a drug delivery depot 
fi-om which pharmaceutically active ingredient may be delivered over time systemically 
or locally in a patient. A diagnostic agent may, for instance, be a radiopaque component, 
such as dispersed particulate radiopaque material (barium sulphate, for uistance), or may 
be a solid device having a particular shape, such as a coil, filament, wire or thread of a 
metal. A radiopaque material may allow visualisation of the PIC in situ and the 
surrounding environment. 
In the drawings 

Figure 1 is a phase diagram for the formation of polyion complexes fi"om systems 
based on MpCj^BmayTenij and MpC3^maj.Spmj (see below for abbreviations); 

Figure 2;is a generalised diagram for the formation of polyion complexes; and 

Figure 3 lis a phase diagram for the formation of polyion complexes from systems 
based on Mpc^GmayTenij and Mpc^BmaySpm^. 

The invention is illustrated fiirther in the accompanying examples. In these 
examples, the foUovidng standard methods are used: 

Inherent Viscosity 

20%w/v solutions were made of each polymer using deionised water. The 
solution was subjeaed to a flow test (shear rate 1-1000 s'^) using a TA Instruments 
CSL^-100 Rheometer fitted with a 6cm 2^ cone at a temperature of 3T*C. From the 
resulting viscosity vs. shear rate trace, the viscosity (Pa. s) of the solution was determined 
by taking the value at 200 s'^ 
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^ihrinogen Adsorption 

This test is carried out substantially as described in WO-A-93/01221. 
Ririnrhnninic Acid Protein Assay 

Assessment of protein adsorption was carried out using the Micro-Bidnchoninic 
5 Acid (m-BCA) Protein Assay (Pierce & Warriner kit), which relies on the colourimetric 
detection of a Cu(I) complex with BCA produced upon protein reduction of Cu(II) to 
Cu(I). Coated and uncoated PET strips were prepared as described for the 
immunoassay, except that in this case they were cut in half and assayed as two 9 x 1 5mm 
strips. Samples were incubated in 4wi of 0.5mgml-l of fibrinogen solution for 10 
10 minutes at room temperature. Sample blanks of uncoated PET strips were incubated in 
4ml of PBS in the same manner. Both samples and blanks were washed in a DiaCent 
2000 cell washer and then transferred to clean tubes and incubated with lOOji 1 PBS and 
1 ml m-BCA working reagent at 60°C. A Bovine Serum Albumin (BS A) standard curve 
was constructed so as to give the required amount of protein in 100 ^l solution. 
15 Standards were incubated with 1ml of workmg reagent as above. The absorbance of a 
300 nl aliquot of the sample was measured in a microplate reader at 562nm. 
Ahhreviations Used : 
Monomer Code Chemical Name 

Mpc Methacryloxyethyl phosphorylcholine (2- 

20 methacryloyloxyethyl-2'-trimethylammoniumethyl 

phosphate inner salt) 
Bma Butyl methacrylate (hydrophobic diluent) 

Jem 2-trimethylammonium ethyl methacrylate chloride salt 

Spm 3-methacryloyloxypropylsulphonate potassium salt 

25 EtOH ethanol 

TFE 2,2,2-trifluoroethanol 

THF tetrahydrofiiran 

MeOH methanol 

DI Water deionised water 

30 DCM dichloromethane 

PET polyethyleneterephthalate 
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PBS phosphate buffered saline 

Example 1 : Generic Method for the Preparation of PC-Containing Polvions. 

The polymers were developed using free radical solution polymerisation 
techniques following the standard method outlined below. 2-(methacryloyloxyethyl).2*- 
5 (trimethyl-ammoniumethyl) phosphate, inner sah (Mpc) was prepared according to the 
method described previously WO-A-95/14702. Bma, Spm and Bma are all commercially 
available. 

A triple-necked round bottom flask (500ml) was equipped with a Davis 
condenser, a nitrogen inlet and a thermometer. The condenser was topped with a 
10 calcium chloride guard tube, and a magnetic follower was added to the flask. The 
reaaion system then purged using nitrogen gas. 

The required amount of Mpc was weighed and then stirred in a suitable reaction 
solvent until dissolved. To this was added the appropriate amounts of the other 
comonomers (ionic monomer and hydrophobic diluent if required). The initiatortype and 
15 level was chosen depending upon the reaction solvent employed. 

The solutions were then filtered under vacuum using a Buchner funnel, into the 
reaction vessel. The solution was degassed using a constant flow of nitrogen for a period 
of twenty minutes, after v^hich time the nitrogen flow rate was reduced and the 
temperature increased to suiuble level dictated by the reaction solvent in use. The 
20 polymerisation was carried out under an atmosphere of nitrogen, and maintained at 
temperature for a period between 16-40 hours. 

When the polymerisation had finished the heat source was removed and the 
solution was allowed to cool to room temperature. In the case where a volatile reaction 
solvent or solvent mixture had been used, the solvent was removed using rotary 
25 evaporation techniques until the point at which the polymer began to foam. This foam 
was then further redissolved in a suitable solvent/non-solvent combination (typically 9:1 
DCM:MeOH) and precipitated by dropwise addition into a non solvent, typically acetone 
(1000ml) with constant stirring. The precipitate was then collected using vacuum 
filtration under a blanket of nitrogen and dried at SO^'C in vacuo for 16 hours. 
30 In the case where water was used as the reaction solvent, the solution was 

allowed to cool and the polymer purified by ultrafiltration to remove low molecular 
weight species. The polymer could be isolated by freeze drying for subsequent analysis. 
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Once isolated, the individual polymers were subjected to NMR and elemental 

analysis to confirm the structure. 

Table 1 summarises the preparative details for a selected range of polyion 
compounds and Table 2 the isolation details for those polymers. Table 3 provides some 
characterisation for the polymers in terms of IH NMR. Elemental analysis was 
acceptable compared to theoretical values for most cases (within 10% error as expected 
for polymers); table 4 however, summarises the key elemental data, concentrating on 
phosphorus:nitrogen and phosphorus: sulphur ratios in order to determine extent of Tem 
and Spm incorporation in the respective polycations and anions. This can subsequently 
be used to better define the final polymer composition versus the feed monomer ratios 
(as shown in table 1 to 3). The inherent viscosity of 20% w/v aqueous solutions of the 
polyions was obtained by rheometry, as an approximate indicator of molecular weight, 
and is reported in Table 5. 

Example 2: Tr^r^.tinn of P olvinn Complexes fPTC's) by Mixture of Aquepug 
<;f>liitinm of PC-r.ontainine Pnlyftlectrolvtes. 
Table 6 summarises some of the observations made upon mbdng 20% w/v 
aqueous solutions of various polyions produced in Example 1 (the ratios are for the 
monomer in the polymerisation mixture rather than in the polymer by analysis). 

0.5g of each polymer was completely dissolved in 2.5ml of deionised water to 
yield a clear solution. One solution of each of the pairs described was poured into the 
other and then mbced thoroughly with a spatula. In some instances, such as for the 
poly(Tem)/(Spm) pair, the gelation was abnost instantaneous, forming a thick, swoUen 
mass that incorporated all of the water firom the system. If this was allowed to stand for 
a whUe, the gel could be seen to contract slightly, expelling some of the water firom the 
matrix. It should be noted at this stage, that gels were mixed on an equivalent weight 
basis rather than using molar proportions (of monomer feed or groups in polymer as 
analysed). 

By talking the observations made in table 6 and plotting them in terms of a 
ternary phase diagram, it can be seen that there are trends visible (figure 1). In polymer 
I systems in which the hydrophobic component is in high, the resulting polymers are water- 
insoluble and so cannot form a PIC from aqueous solution (although this may stiU be 
possible from other solvent systems). In systems where the PC component is Wgh, both 
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the individual polymers and the resulting PIC remain water-soluble. When the correct 
balance of ionic/hydrophilic/hydrophobic is obtained, a gel is formed as the polyions 
complex. This gel tends to be 'stiffer* when the hydrophilicity is reduced and when the 
ionic content is higher. 

5 Thus, a generalisation can be made for the formation of PICs in this type of 

system (figure 2). The appUcation in mind will determine what type of PIC wiU be 
required. For instance, if one requires the formation of a gel for fiUing an aneurysm, the 
properties required from that gel will be such that it remains in place once formed; 
henceforth, if its tendency is to flow, it will not be suitable. 
0 Example 3: Determination of the Ge lation Properties of Polvion Complexes. 

When considering the abUity of a mixture of two polyion solutions to form a gel 
as described in figure 2, it is usefiil to be able to quantify the observations made. In this 
instance, 20% (w/v) solutions of the individual polymers were made, mixed together and 
allowed to settle overnight. The resulting PICs were subjected to a variable torque 
15 oscillationtest(10-100mN.m)usingaTAInstmmentsCSL -100 rheometer fitted with 
6cm 2° cone at 37*C. From this, two parameters could be measured, namely G* the 
elasticity modulus and G" the viscous modulus. Table 7 sunrnwrises the measurements 
of these parameters for a variety of PIC nuxtures, taken at SOmN.m. The polyions are 
defined by reference to the monomer ratios used rather than from analysis of ionic groups 

20 in the polymer. ' 

Clearly, there a large spread in viscoelastic properties between the different PICs 
formed. The values are in agreement with the observations expressed in table 6 and 
reinforce figures 1 & 2. Where values of G' and G" are low, titUe gelation has occurred 
when solutions have been mixed. Where these values are higher (ca. >10 Pa), a firm gel 

25 of has formed. When the value of G" exceeds that of G', the material has more viscous 
properties than elastic and it will tend to flow under applied force rather than act 
elastically. Where G' is greater than G" the opposite is true indicating a more elastic 
material with a propensity to withstand applied force. This is a usefiil measure of a 
materials' potential behaviour in a particular appUcation. For instance, if an aneurysm- 

3 0 filling material is considered, it would be desirable to obtain a gel that will not wash out 
of the void vmdra" the influence of blood flow. 
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Example 4: Gelation from solvent system. 

A solubility study was performed on PC-PICs. They were found to be soluble 
in ternary solvent mixtures of water, ethanol and NaCl. The results are shown in the 
ternary phase diagram Figure 3. 
5 Examples Biological p erformance of PC PIC's 

A solution of the PIC could then be used to produce reproducible coatings on PET that 
could be used for biological evaluation. Strips were subjected to a double antibody 
fibrinogen assay (Fg) and micro bicinchoninic acid protein assay (^-BCA) in order to 
gain an appreciation of the extent of protein interaction with the materials. Table 8 
10 summarises the results. Again the polyions are defined by reference to the ratios of 
monomers used. 

From the data it can be seen that coatings of polyion complexes exhibit a lower 
degree of protein adsorption than the PET control strip. The comparisonPIC made firom 
mfadng the homopolymers of Tem and Spm (5.3) is less effective at lowering the protein 
1 5 adsorption than those PICs that contain Mpc. This is consistent with the view that Mpc 
improves the 'biocompaubility' of surfiices. 



20 



25 



wo 00/29481 



PCT/GB99/03787 




wo 00/29481 



PCT/GB99/03787 



22 



e 

E 

S 
o 
U 



00 

c 

NJ 

a> 
0= 



00 

c 

I 

N 



u 
e 

u 



o 2 



^ I OJ 



a 



c 



^ 15 



O . 



1 



of 



22 



3 

e 



oo 
c 

>^ 
E 

CO 



oo 

C C 
.S:^ I .2 



o 



E 

CO 



c 
o 



- I 

o 

T3 



4> 72 

"5 I o 

> I CO 1 CO 

I I • s I to 

I rf ^ 



o 

CO 

.E 

CO 



* ^ 


3 




» ^ 


o ! 






o 


CO 


CO 


CO 


CO 




09 










IS 






1 ^ 


i ^ 


S 



t3 



o 

ON 



so 



in 
in 



ON 



cn 

VO 



ON 



ON 
OO 



o 

ON 



o 

ON 



o 

ON 



oo 

<w ^1 ^n 



. VO ON 

r5 oi vd 



oo 



VO 



mi r-- I VO I vd I 2 



OO 

vd 



*n 



m I »n 



o 
.5" c 



0> 

c 

O 



c 

O 



< 1 < 

^ I M 

o o 

OO 00 



c 

o 

■ *-* 
< 



I 

1 I - 

o ^. 
o 

C>4 



CD I O 



C 

o 



o 
c 
o 

8 



o I o 
oo 1 oo 



E 
o 
o 

in 



o 

ON 



in 
I 



s 

o 



o 

CO 



0^ e 

fig 4} 
C/3 



£ I E 

*n I in 



9 9 

o o 



E 
o 
oo 



o 



ffi I PS 

o o 

si s 



E 



o 

o 



O 
Q 

o 
cs 



O 
E 

?9- 



o 

Q 

OO 



H 

E 
o 

CM 



o 
in 



09 

E 



il 1.1 ^ 

,09 cut CO 

o I o = 



E 
o. 

C/3 
CO 

E 

■s. 



09 CI. 

H" I CO 

o 

CO 

E 



„ , _ , El E 2 
CO, CO, £■ s 

tl si si s 



E 



E 

09 

H 



CO 



o 

si s 



E 

09 



O 



o 

09 
CO 
eo 
u 
cS 

1 
Q 

<: 
.S 

■© 



CO 

o 



eNSOOCIO:<WO 0029481A1 I > 



wo 00/29481 



PCT/GB99/03787 



23 



2 



•s 

a. 

J ^ 

< 



< US 



CO 

> 



\ ^ 



§ I 2 

o 2 Ls 



C/3 



p. IS 

1^ Iw^ Ic? 



I 

CO 



1^ Iro 

|o\ |o |o\ 

en* I c/T 



S 



s 



|fn Icn ^ 
ki ffi 

lOv jo^ |00 ^ 



o o o 

Q Q O 



mm 

I A- ft- 2 



c 

ea 

E 

|CO 

o 



11 

w o 
t) c 

0 o 

CO V) 

>L cx o 

1 c?.2 
5 CQ 



to 



u 

Ci. 

s 



E 

tco 
o 

Q. 



|0 

, O 



1 -g 



C 

8 



iS 



CO 

a> 
o. 

E 

o 
a. 

s 
s 

2 
oo 



C6 



on 

c 



E 

S E 
5 0\£r 

O 1^ 

7^ I 



o 

X 

CO 



=5 



2 MS 



OO 



cn 

«r sLsa 



O 



I On 



IP •§ 

SI £ 

Ft 



4> 



1^ — 



IfM 



9- ON 



NO ^ 

, us w 
_ I o r>i «> 

11*/^ t 

100 9v 0\ 



CO 



= •2 g 

O E 



E 

i 

c 



4) 



O I CD 

o c 



ci. 
E 
1^ 

o 

00 



O 2 



Irsi 



6 



1 



o x> 

I* 8. 



J2 



ICS 



2 Mr!^ Mr 



2 
bo 
E 

CL 

2 
o 

si 



00 

c 



CM 



[OS m 



a> I S « 

^ -r 

I On 

]g> 



+ 

cn 
@ 

CO 
CO 



#5 

I ed lac 



CO 

si 



8 

o 



I 



Q 



s 

O 

a. 



CO 
ea 

E 

o 



, E 



E 

CO 

o 



•2 U 



~ M^ a=l 



CO , _ 



«9 ITS p 



Si 



o 



o 

IE* 

o 
Pu 

o 

CO 

■3 
Q 



2 Ci."© CJ' 



CM cn 



NO 



|06 CM 

^ C^ 



Q. 

Q 



1 



8" 



E 



lE 

J CL 
CO 

CO 

,E 



E 

it 



0 

E 

Q. 1 


9 
E 






c7 




E 


E 






i 









BNSOOCID: <WO 0029481 A1 I > 




RwQnnnirv *-wo nn9QiiAiAi i » 



wo 00/29481 



25 



Oh 

E 



o 



s 

o 



OA 

s 

CO 



g 

o 



od 



E 
H 

o 



i 



E 



E 



E 
o 



E 
E 



oo 



I 

t 



E 

V 

CO 

E 



E 
E 

O 



E 

o 
a. 



E 

H 
o 



E 
o 



o 



o 
o 



B 

CO 

o 



E 

CO 

o 



CO 

u 
cx 



cx 

CO 

o 
cx 



i 



cx 

CO 

CO 

E 
cx 



VO 



E 
cx 

CO 

c 

E 
cx 



E 
cx 

CO 



Z/1 

B 
cx 



s 

a. 

CO 

<S 
E 
03 

V 

d 
cx 



E 

CO 

CO 

E 
CO 



B 
cx 

CO 

B 

m 



i. 

CO 

cx 



CO 



PCT/GB99/03787 



to 



2 b 



^ j= 



BNSCXX^ID: <WO_0029481A1_L> 



wo 00/29481 



PCT/GB99/03787 



27 



Polycation 


Polyanion 


(Pa) 


G" (Pa) 


MpcTem 


BmaSpm 


3.25 


30 


MpcTem 


BmaSpm 


600 


800 


MpcTem 


MpcSpm 


0.15 


3.5 


MpcTem 


MpcBmaSpm 


0.025 


0.4o 


MpcBmaTem 


MpcSpm 


0.3 


4 


MpcBmaTem 


MpcBmaSpm 


5U 




MpCisBmajsTemjo 


MpCisBma35Spm5o 


400 


150 


MpCijTemgs 


MpCisSpmgs 


1500 


1000 


Mpc4oBina4oTem2o 


Mpc4oBma4oSpm2o 


85 


125 


Poly(Tem) 


Poly(Spm) 


9000 


4500 



Table 7 . Viscoelastic Properties of Selected PIC gels 



No 


Polyion Complex Pair 


Bioevaluation 
Test Method 


% Reduction of 
Adsorbed Protein 


5.1 


MpcBmaTem + MpcBmaSpm 


Fg (n=7) 


77,8 


5.2 


MpCijBmajjTerajo+MpCisBmassSpmso 


Fg(n=7) 


77.7 


5.3 


Poly(Tem) + Poly(Spm) 


Fg(n=7) 


47.1 






5.1 


MpcBmaTem + MpcBmaSpm 


^-BCA(n=5) 


82.4 


5.2 


MpCjjBmajsTemso+MpCijBmaajSpmso 


M-BCA(ii=4) 


61.8 


5.3 


Poly(Tem) + Poly(Spm) 


^-BCA (n=3) 


33.7 



Table 8: Estimation of Adsorbed Protein for PIC Coatings 
2 5 Using Fibrinogen (Fg) and bicinchoniic acid (ji-BC A) Assays 

(Uncoated PET strip control) 
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CLAIMS 

1. A polyion complex formed from a cationic polymer having an overall cationic 
charge and an anionic polymer having an overall anionic charge, in which the anionic 
polymer is obtainable by polymerising ethylenically unsaturated monomers including: 
5 a) 5 to 1 00 mole % anionic monomer having an anionic or anionisable group; 

b) 0 to 85 mole % zwitterionic monomer having a zwitterionic ^oup; and 

c) 0 to 80 mole % nonionic monomer; 

and in which the cationic polynier is obtainable by polymerising ethylenically 
unsaturated monomers including 
10 d) 5 to 100 cationic monomer having a cationic or cationisable group; 

e) 0 to 85 mole % zwitterionic monomer having a pendant zwitterionic 
group; and 

f) 0 to 80 mole % non ionic monomer; 

in which the total umts in the polyion complex derivable from nonionic monomer 
15 c and f is in the range 0 to 60 mole %, the total mole % of units in the poljdon compl« 
derivable from zwitterionic monomer is in the range 1 to 70 mole %, and the ratio of 
moles of excess anionic or anionisable groups in the anionic polymer to the moles of 
excess cationic or cationisable groups in the cationic polymer is in the range 1.5:1 to 
1:1.5. 

20 2. A polyion complex formed from a cationic polymer having an overall cationic 
charge and an anionic polymer having an overall anionic charge, in which the anionic 
polymer is water soluble and is obtainable by polymerising monomers including 

a) 5 to 1 00 % anionic monomer having an anionic or anionisable group; and 

b) 0 to 85 mole % zwitterionic monomer having pendant zwitterionic group; 
25 c) 0 to 60 mole % non ionic monomer; 

and in which the cationic polymer is water soluble and is obtainable by 
polymerising ethylenically unsaturated monomers including 

d) 5 to 100 mole % cationic monomer having a cationic or cationisable 
group; 

30 e) 0 to 85 mole % zwitterionic monomer having a zwitterionic pendant 

group; 

f) 0 to 60 mole % nonionic monomer, and 
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in which the total moles of units in the polyion complex derivable from 
zwitterionic monomers in the range 1 to 70 mole %, and in which the ratio of total moles 
anionic groups in excess of cationic groups in anionic polymer to total moles cationic 
groups in excess of anionic groups of cationic polymer is in the range 1.5:1 to 1:1.5. 
5 3 . A polyion complex according to claim 1 or claim 2, in which the total of units 
derivable from nonionic monomer in the polyion complex is preferably at least 5 mole %. 
4. A polyion complex according to any preceding claim in which the anionic polymer 
is formed from monomers substantially free of cationic monomer and the cationic 
polymer is formed of monomers substantially free of anionic monomer. 
10 5 . A polyion complex according to any preceding claim in which the ratio of total 
moles of anionic monomer used to form anionic polymer to total moles of cationic 
monomer used to form the cationic polymer is in the range 1 .25 : 1 to 1 : 1 .25, preferably 
in the range 1.1:1 to 1:1.1, preferably about 1:1. 

6. A polyion complex according to any preceding claim which is water-insoluble and 

15 water-swellable. 

7. A polyion complex according to any preceding claim in which the zwitterionic 

monomer preferably has the formula VI 

YBX VI 

wherein 

20 B is a straight or branched alkanediyl or alkanediyloxaalkanediyl or 

alkanediyloligo(oxaalkanediyl) chain optionally containing one or more fluorine atoms 
up to and including perfluorinated chains or, if X or Y contains a terminal carijon atom 
bonded to B, a valence bond; 

X is the zwitterionic group; and 

25 Y is an ethylenically unsaturated polymerisable group selected from 



HjC=C— c — A- 

o 




30 
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CH2=C(R)-CH2-0-, CH2=C(R)-CH20C(0)-, CH2=C(R)0C(0)-, CH2=C(R)-0-. 
CH2=C(R)CH20C(0)N(R")-. R'200CCR=CRC(0)-0-, RCH=CHC(0)0-. 
RCH=C(CO0R'*)CH2-C(0)-0-. 



5 




wherein: 

R is hydrogen or a C,-C4 alkyl group; 
10 R" is hydrogen or a C1-C4 alkyl group or R" is -B-X where B and X are as 

defined above; and 

R" is hydrogen or a C,^ alkyl group or BX where B and X are as defined above; 
Ais-0-or-NR»»-; 

K is a group -{CH^pOC(OK -(CHj)pC(0)0-, - (CR^OCiO^O-, -(CH2)pNR»-, 
15 -(CHj)pNR"C(0)-. -(CH2)pC(0)NR"-, -(CH2)pNR»C(0)0-. -(CHj)pOC(0)NR»-. 

-(CH2)pNR"C(0)NR"- (in which the groups R" are the same or different), -(CH^pO-, 
-(CH2)pS03 -, or, optionally in combination withB, a valence bond and p is firom 1 to 12 
and R" is hydrogen or a Cj-C* alkyl group. 

8. A polyion complex according to claim 7 in which the zwitterion has the formula 

20 rv 

oe 

25 

in which the moieties X* and X*, which are the same or different, are -0-, -S-, -NH- or 
a valence bond, prrferably -0-, and 

W* is a group comprising an ammonium, phosphonium or sulphonium cationic 
group and a group linking the anionic and cationic moieties which is preferably a Cx.u- 
3 0 alkanediyl group. 

9. A polyion complex according to claim 8 in which W* is a group of formula 
-W'-hTR',, -W'-PTl'j, -W'-S*R'2 or -W'-Het* in which: 
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W' is alkanediyl of 1 or more, preferably 2-6 carbon atoms optionally containing 
one or more ethylenically unsaturated double or triple bonds, disubstituted-aryl, alkylene 
aryl, aryl alkylene, or alkylene aryl alkylene, disubstituted cycloalkyl, alkylene cydoalkyl, 
cycloaikyl alkylene or alkylene cycloalkyl alk^ene, which group W* optionaUy contains 
5 one or more fluorine substituents and/or one or more functional groups; and 

either the groups R' are the same or different and each is hydrogoi or alkyl of 1 
to 4 carbon atoms, preferably methyl, or aryl, such as phenyl or two of the groups R* 
together with the nitrogen atom to which they are attached form a heterocyclic ring 
containing firom 5 to 7 atoms or the three groups R" together with the nitrogen atom to 
1 0 which they are attached form a fused ring structure containing from 5 to 7 atoms in each 
ring, and optionally one or more of the groups R* is substituted by a hydrophilic 
functional group, and 

the groups R' are the same or different and each is R' or a group OR', whore R* 
is as defined above; or 

15 Het is an aromatic nitrogen-, phosphorus- or sulphur-, preferably nitrogen-, 

containing ring, for example pyridine. 

10. A polyion complex according to claim 8 or claim 9 in which the zwitterion is a 
group of formula V: 

^ P ^(CH2)„NR«3 y 

ie 

2 5 where the groups R" are the same or different and each is hydrogen or C,^ alkyl, and m 
is from 1 to 4, preferably in which all groups R" are methyl. 

11. A polyion complex according to any preceding claim in which the anionic 
monomer and cationic monomer each have the formula Vn 

Y'B^Q vn 

30 in which Y' is an ethylenically unsaturated polymerisable group selected from 
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H2C=C— C 

II 



R^ 



O 




10 



15 



20 



25 



CH2=C(R^^>CH2-0., CH2=C(R^^).CH2 0C(0)-, CH2K:(R'')0C(0)-, CH,=C(R^'>0., 

ch2=c(r'')ch20c(0)n(r^^)-, r^^ooccr^^=cr^'c(0)-0-, r^^ch=chc(0)0., 
r^^ch=k:(coor")ch2.c(o>o-, 



R^^ is hydrogen or a C1-C4 alkyl group; 

R*^ is hydrogen or a C^C^ alkyl group or R^^ is B^Q where and Q are as 
defined below; 

R" is hydrogen or a Cj^ alkyl group or B*Q where B* and Q are as defined 

below; 

AMs -O- or-NR'*s 

is a group .(CH2),OC(OK .(CHAC(0)0-, - (CHAOC(0)0-, -(CHj)^"-, 
.(CH^^"C(0)-. -(CHAC(0)NR"., .(CH2)^"C(0)0, -(CHAOC(0)NR"-, 
.(CH2)rNfR"C(0)NR"- (in which the groups R" are the same or diflFerent), -(CHj)^-, 
-(CH2)rS03 or, optionally in combination with B\ a valence bond and r is firom 1 to 12 
and R" is hydrogen or a C1-C4 alkyl group; 

B^ is a straight or branched alkanediyl, oxaalkylene, alkanediyloxaalkanediyl, or 
alkanediyloligo(oxaalkanediyl) chain optionally containing one or more fluorine atoms 
up to and including perfluorinated chains or, if Q or Y* contains a teraiinal carbon atom 
bonded to B^ a valence bond; and 

Q is the ionic or ionisable group. 
12. A polyionic complex according to claim 1 1 in which Q is a cationic group 
which is a group N^R^, or S*R^2 




o 
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in which the groups R* are the same or different and are each hydrogen, Ci^-alkyl 
or aryl (preferably phenyl) or two or three of the groups together with the heteroatom 
to which they are attached from a saturated or unsaturated heterocyclic ring containing 
from 5 to 7 atoms, preferably each R* being other than hydrogen, most preferably N*R*3 
in which each is C,^-alkyl, preferably methyl. 

13. A polyion complex accordmg to claim 11 in which Q is an anionic group 
which is selected from carboxylate, carbonate, sulphonate, sulphate, phosphonate or 
phosphate, preferably a monovalent group, more preferably a sulphonate group. 

14. A polyion complex according to any of claims 1 to 10 in which the cationic 
monomer is diallyl dialkyl anmionium halide, preferably diallyl dimethyl ammomum 
chloride. 

15. A polyion complex according to any preceding claim in which the nonionic 
monomer has the general formula Vm 

Y^R»* vm 

in which is an ethylenically unsaturated polymerisable group selected from 




H2C=C— C— a' — 

II 

o 

CH2=C(R'>CH2-0., CH2-C(R*>CH2 OC(0>, CH2=C(R^^)OC(0)-, CH^-CCR^^-O-, 
CH2-C(R*^CH2OC(0)N(R^-, R^*OOCCR*'=CR*W)-0-, R*^CH=CHC(0)0., 
R*^CH=<:(C00R^*)CH2-C(0)-0-, 

O O 

wherein: 

R^^ is hydrogen or a C1-C4 alkyl group; 
R^° is hydrogen or a C1-C4 alkyl group or R^*^ is R"; 
R^^ is hydrogen or a C1-C4 alkyl group or R^* is R"' 
A^ is -O or -NR^s 
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is a group -(CH2)PC(0)-, -(CH2),C(0)0-, - (CH^,OC(0)0-, -(CH2);^JR^ 
-(CHJ.NR^C(0)-. -(CHAC(0)NR^-. -(CH^.NR^C(0)0-, -(CHAOC(0)NR^ 
-(CH2),NR"C(0)NR°- (in which the groups are the same or different), -(CHj),0-, 
-(CH2),S03 or a valence bond and s is from 1 to 12 and is hydrogen or a C1-C4 

5 alk^ group; and 

R" is an optically substituted C,.24-alkyi or -alkenyl group, optional substituents 
being hydroxyl groups; halogen atoms; alkoxy and oligo-alkoxy groups, in which the 
alkoxy groups have 1-6, preferably 2 or 3 carbon atoms; aryl groups, preferably 
optionaUy substituted phenyl groups (optional substituents in a phenyl group being 

1 0 hydroxyl groups, halogen atoms or alkyl groups); acyl groups, especially Ci^-alkanoyl 
groups; acyloxy groups, especially C,^-alkanoyloxy groups; or acylamino groups, 
especially C,^alkanoyl amino; in any of which alkanoyl groups there may be substituents 
selected from halogen atoms and hydroxyl and alkoxyl groups. 

1 6. A polyion complex according to claim 1 5 in whidi R" is C4.ig-unsubstituted alkyl. 
15 17. A polyion complex according to any preceding claim, whenfiilly swollen in water, 
has viscoelastic properties (determined using a variable torque oscillation test (80 mN.m) 
using a TA instrument CSL-100 rheometer fitted with 6cm 2" cone at SVC), G' 
(elasticity modulus) in the range 1 to 1000 and G" (viscous modulus) in the range 1.5 to 
1000. 

20 18. A composition comprising a polyion complex according to any preceding claim 
and a liquid absorbed in the polyion complex. 

19. A composition according to claim 1 8 in which the liquid is aqueous. 

20. A composition accordingto claim 19 in which the liquid is free of organic solvent. 

21 . A composition according to any of claims 1 8 to 20 comprising an active agent 

2 5 selected from pharmaceutically active agents and diagnostic agents. 

22. A method in which a solution of an anionic polymer having an overall anionic 
charge and a cationic polymer having an overall cationic charge together in a solvent 
system comprising a first solvent and an inorganic salt which is water-soluble and formed 
of monovalent metal ions and monovalent counterions, in solution, is gelled by contact 

3 0 with water, whereby the ions of the inorganic salts become dissodated from the polymer 

and extracted from the gel formed by electrostatic attraction between polymer bound 
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cationic groups and polymer bound anionic groups, and is characterised in that at least 
one of the cationic and anionic polymers comprises zwitterionic groups. 
23 A method according to claim 22 in which said first solvent is an organic solvent, 
preferably comprising a ketone or an alcohol. 
5 24. A method according to claim 22 or claim 23 in which said solvent system 
comprises first and second solvents which are miscible under the conditions of the 
process. 

25. A method according to claim 24 in which the said second solvent is water . 

26. A method according to claim 24 or claim 25 in which the ratio of first to second 
10 solvent is in the range 2:1 - 1:10, preferably 1:1-1:5. 

27. A method according to any of claims 22 to 26 in which the organic salt is a 
halide of an alkali metal, preferably a chloride or bromide of sodium or potassium, more 
preferably sodium chloride. 

28. A method according to any of claims 22 to 27 having any of the features of 
15 claims 1 to 16. 
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